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INTRODUCTION 
 Complete root canal cleaning and shaping was the key to successful 
endodontic treatment. It ensures removal of the etiological factors from the 
root canal space. Also it enhances three dimensional obturation of the prepared 
space with either lateral condensation, vertical condensation or 
thermoplasticized injected guttapercha.
1
 
 A common and inevitable  complication encountered during this type of 
canal instrumentation is, the pushing of canal contents such as dentinal filings, 
pulp tissue fragments, necrotic tissue, microorganisms and intracanal irrigants 
as debris, through the apical foramen which carries the potential for post 
operative pain, swelling and delayed healing. Ingle and Taintor refer to this 
material as a " worm" of necrotic debris which leads to  flare up.
2
 
 It is documented in the literature that contaminated as well as non 
contaminated dentin and pulp tissue can trigger an inflammatory reaction 
when forced periapically, during root canal instrumentation. It is easy to 
understand that, if the canal contains antigens  and a granuloma has antibodies, 
when canal contents are pushed  through, it will result in an antigen - antibody 
complexing. This reaction will cause damage to the cell membrane, resulting 
in  prostaglandin release, bone resorption, amplification of the kinin system 
and ultimately pain for the patient. Foraminal debridement is also important in 
cases of periapical lesion, as the apical  portion of the root canal  is a niche of 
bacterial colonizaion.
3
 The apical extrusion of microbes into the periradicular 
tissues has the potential to bring serious systemic diseases such as 
endocarditis, brain abscess, septicemia particularly in compromised patients.
4
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 Thus, besides bacterial major role in flare-ups, mechanical and chemical 
factors are also responsible for undesired consequences such as induction of 
inflammation and post operative pain. Thus  every effort is made to limit the 
periapical extrusion of intra canal material  during treatment, to prevent the 
flare up phenomena.
3 
 
The amount of debris extruded varies with the working length, 
irrigation,  instrument type, instrument design, kinematics, techniques used. 
 Amount of debris extruded differs with preparation technique because of 
various available designs of the file system and irrigation devices. Instrument 
design components are Taper, Flute, Blade, Land, Pitch, Rake angle, Helical 
angle, tip design and cross section.
5
 
 Various studies were there to report about the evaluation of apical debris 
extrusion caused by various available hand, rotary instruments which differs in 
their design. In my study the evaluation of apical debris extrusion during 
instrumentation in root canal was with two different rotary instruments which 
has different cutting edge, rake angles. It is an important aspect, because it 
affects the cutting efficiency of the instrument. 
 In my study, the aim was to evaluate and compare the file systems which 
differ in their cutting edge rake angle for apical debris extrusion. 
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AIM: 
The aim of this study was to evaluate and compare the amount of apically 
extruded debris caused by two rotary instruments, namely, Hyflex CM and K3 
which differs in their design feature, cutting edge rake angle. 
OBJECTIVES: 
The objective of this in vitro study was 
1.To evaluate the amount of debris extruded periapically during root canal 
treatment caused by a positive rake angled and negative rake angled rotary 
endodontic files.  
2.To compare the amount of periapically extruded debris caused by positive 
and negative rake angled rotary endodontic files. 
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 Vande Visse et al in 1975 analysed the presence of the irrigating 
solution that affects the amount of apical debris extrusion during Standard 
instrumentation. Sixty four root canals were used and were divided into two 
groups with eight maillary central incisors, eight maxillary canines, eight 
palatal canals of maxillary first and second molars. Group 1 was instrumented 
without irrigation and the Group 2 was flushed with 5.25% Sodium 
hypochlorite solution as irrigant. The results showed that no collectible 
material was extruded from any of the teeth instrumented without irrigation 
solution  but there was some amount of extruded material in other group. In 
this study the root apices were observed during instrumentation for the 
presence of extruded debris. If collectible amount of debris was there, they 
gathered it on a waxed weighing paper and air dried and weighed.
7 
 Eduardo et al in 1987 analysed apical debris extrusion with 
conventional or apical-coronal instrumentation with crown down pressureless 
technique. Twenty endodontic models with straight and curved canals with 
periapical wells were used. Models were divided into two groups. Group A 
were cleaned and shaped with conventional or apical coronal instrumentation. 
Group B with crown down technique. Straight canals in group A were 
enlarged upto 40#K file and curved with 35# file. Group B used 2 size Gates 
Glidden drill for coronal flaring, and  files upto 35# at apical area. Collections 
in the apical wells of the blocks were taken and poured in a filter column 
suction system containing a milli filter column. They were kept in an oven at 
110'C for four minutes and weighed in electro balance. They concluded that 
grater amount of debris were forced periapically when step back technique was 
used. Both the technique extruded the debris apically.
1 
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 Fairbourn in 1987 compared conventional hand instrumentation  
technique with a cervical flaring technique, an ultrasonic technique and a sonic 
instrumentation technique for quantity of debris extrusion. Eighty single canal 
human mandibular first and second Premolars were used. Canal sizes were 
rated as small, medium or large from Bucco-Lingual, Mesio-Distal 
radiographs and given numerical ratings 1,2,3. The apical foraman was 
measured close to minor diameter with stereomicroscope and shapes were 
determined as round (<0.06mm difference between length and width), round 
oval(0.06-0.09) or oval (>0.09mm). They were given numerical value 1,2,3. 
Similar teeth were assigned in four groups 1,2,3,4. In group 1, the root canals 
were instrumented with K flex file circumferentially, then with Hedstrom file. 
Tap water with 23 gauge needle used as irrigant. In group 2 K flex file and 
Paesoreamer  was used. Thus cervical flaring technique was done. In group 3, 
ultrasonic system was used. In group 4, endostar sonic system was used. 
Debris collection apparatus consisted a crown as collection apparatus 
supported with rubber stopper through which the tooth and needle were 
inserted. It was kept in a vial and held in a rubber jawed vise. The collection 
apparatus kept in desiccator after instrumentation and weighed. The 
conclusion was  that all four instrumentation techniques produced debris 
extrusion but sonic, ultrasonic and cervical flaring instrumentation techniques 
produced less debris than conventional technique. Significance difference was 
there between sonic and conventional filling technique.
8 
 Douglas J. Mckendry et al in 1990 quantitatively compared debris 
extrusion, using balanced forces instrumentation, the endosonic method and 
step back filing technique. Also the influence of tooth type, canal length, pre 
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instrumentation apical canal size and final apical preparation size were also 
analyzed. Forty five single canal teeth were used. Maxillary incisors, cuspids, 
second cuspids, mandibular cuspids and bicuspids were used and randomly 
assigned to three groups. The collection apparatus was a pre weighed filter. 
The apex of the tooth was oriented to filtration unit. Group one was 
instrumented with endosonic instruments. Group two with balanced force 
concept with Flex R file. Group three used step back filing technique, with the 
Hedstrom file, followed by K files. 2.6% Sodium hypochlorite was used as 
irrigant. After instrumentation, the extruded debris was lavaged from apex 
using a wash bottle with absolute alcohol into pre weighed filter. Individual 
samples were sealed for 24 hours in a vial with drierite anhydrous calcium 
sulphate crystals  to desiccate the filter paper and collected debris. Pre-post 
weights were analyzed. The results showed that no significant difference found 
between endosonic and step back filing techniques.Endosonic > Balanced 
force technique. BFT < Endosonic/Step back filing technique. Endosonic 
similar to step back technique.
2 
 Myers and Montgomery in 1991 compared the amount of apical debris 
extrusion and the frequency of plug formation during bio mechanical 
instrumentation with two different techniques (A)Conventional hand filing 
with Flex-e files in a Step back fashion and ( B)Rotary motions with Canal 
Master instruments. Sixty extracted teeth were used and the teeth were limited 
to Maxillary lateral incisors and Mandibular Premolars with single canal and 
single apical foramen. They were divided into three groups. In Group 1 the 
canal was instrumented with Flex R file, 1mm short of canal length. Hfiles 
were used in a step back fashion. Group 2 was instrumented with CM 
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instruments to CL.Rotary CM # 50,60,70,80 used for cervical, middle thirds of 
canal after insertion of 10# ,15 H to full length. A step back procedure was 
done. Group 3 used the same technique of Group 1 but to full canal length and 
the irrigation was done with distilled water. Debris collection sets had two 
glass vials viz,. 15 * 45mm glass shell vial to collect the debris and irrigant 
with a rubber stopper fitted to its mouth. The apex of the root  was suspended 
below the upper rim of the vial. It was a modified technique used by Fair 
Bourn et al. A 25 gauge needle was used to control the air pressure in and out 
the vial. After instrumentation the debris at the apex were scrapped and 
washed with distilled water and checked for the presence of apical plug with 
Stereomicroscope. The vials were placed in desiccator for 24 hrs and were 
weighed. Six control vials were taken and 2 -3 ml of distilled water was 
placed, dried and weighed and they were compared. The results showed the 
group instrumented short of the foramen showed less debris extrusion. Among 
all groups the Groups with full length CM group extruded less debris.
9 
 Luis pascoal vansan et al in 1997 compared amount of apically 
extruded material using four different instrumentation techniques – standard, 
step preparation, crown down and ultrasound. Forty extracted upper central 
incisors were used in four groups for different techniques of instrumentation. 
The collection apparatus consisted of an acrylic body where tooth was 
mounted. The material extruded through the apical foramen was collected on 
the filter paper disk. After instrumentation, the disk was left over at 37'C for 
three hours. They conclusion was that all instrument techniques extruded 
apical debris. The step preparation technique caused greater extrusion of 
debris. The ultrasound and crown down technique had less extrusion almost 
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similarly. The standard technique caused less extrusion than the step 
preparation techniques and more extrusion than the crown down and 
ultrasound technique.
10 
 Mangalam et al in 2002 quantitatively measured the amount of debris 
extruded in straight canals. They compared the conventional step back method 
with crown down pressureless technique using Profile 0.04 series and hybrid 
technique with engine driven Gates Glidden drills. The time for preparing 
canals and the amount of extruded irrigant was also recorded. Thirty freshly 
extracted singe rooted teeth was used. Group 1were instrumented using step 
back method with push-pull motion. Group 2 used crown down technique with 
0.04 taper Nickel-Titanium instrument. Group 3 used hybrid technique in 
which cervical two third was enlarged with Gates Glidden Drill size 1,2,3. 
Apically the canal was enlarged upto 40#K file. The plastic vials were used for 
debris collection. The pre and post weights were compared. They concluded 
that Group 1,extruded more debris. The volume of extruded irrigant was not 
influenced by the type of instrumentation. The conventional step back 
technique with linear filing motion showed increased debris than crown down 
technique. The operator may use conventional method with balanced force 
technique to minimise this.
11 
 Lynn J.Abrecht et al in 2004 evaluated, the effect of preparation taper 
to introduce irrigant, and debris removal in apical extent of root canals. The 
ability of Profile GT files with 20# or 40 # were evaluated. Fortyeight 
bilaterally matched pairs of extracted Maxillay and Mandilular incisors, 
Canines, bicuspids were used. Each canal was then instrumented upto 20# K 
file. Rotary NiTi Profile GT files were used. Group 1,2,3,4 was instrumented 
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with 0.04,0.06, 0.08, 0.10 tapered instruments. One tooth (pair) of each group 
was prepared upto 20# at apex and other to 40# in each group. Four pairs 
received no instrumentation after verification of the presence of the pulp tissue 
and considered as positive controls. Instrumentation was done with crown 
down technique and the canals were irrigated with 5.25% Naocl and 2ml of 
15% EDTA for 30 seconds. The depth of irrigation needle penetration was 
measured and removed. The teeth was removed separately. After marking 
1mm and 3mm from apex, the canal was  filled with 10% formalin and also 
immersed in 10% formalin for 24 hours. The tooth was then decalcified in 
Kristenson's decalcification solution for 1 week and cut horizontally between 
1mm, 3mm and 5mm sections. Then observed with a light microscope for 
canal contents. The remaining debris was expressed as a percentage of the 
lumen area.  There was significantly greater percentage of debris remaining in 
the 20# compared with 40# in the 0.04, 0.06, 0.08 taper categories at the 1mm 
level except 0.10 taper. At the 3mm level there were no significant differences. 
The needle penetration depth, influenced debris removal. Increased penetration 
of needle improved irrigation. The debris was more effectively removed with 
0.04, 0.06, 0.08 Profile Gt instruments when apical preparation was larger than 
20#. when a taper of  0.10 was used, there was no difference with both 20# and 
40#.
12 
 Jale Tanalp et al in 2006 quantitatively evaluated and compared the 
amount of apically extruded debris with three contemporary rotary 
instruments. The Protaper, Profile and HERO Shaper. Sixty Mandibular 
Central Incisors in three groups were used. The collection apparatus consists 
of a Polyethylene tube into which the decoronated tooth and needle was 
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inserted through acrylic resin. Rubber dam were used to mask the tooth apex 
during instrumentation. Group 1,2,3 were instrumented using Protaper, Profile, 
HERO Shaper respectively. 2.5% Naocl was used for irrigation. The collected 
debris in the tubes were lyophilized and weighed. The observation showed that 
all instruments caused measurable debris extrusion. Protaper extruded higher 
amount of debris than Profile.
3 
 Lilia et al in 2007 compared the apically extruded debris and evaluated 
the influence of the canal curvature on debris extrusion produced by manual 
and mechanical instrumentation. Forty single rooted teeth with root curvature 
15 to 30 degrees were used. Lateral upper incisors, upper and lower premolars 
were used. Radiographs were taken to assess the curvature by Weine's 
technique. The teeth were classified into slightly (15'to 22') and moderately 
(23' to 30') curved. They were grouped into 4, with similar type of teeth. 
Group 1 were manually instrumented with K type Mor-Flex files. Group 2 
with Curver W and H, Morflex files, Mechanically. Group 3 with manual 
instrumentation with type K flex cut files. Group 4 with mechanical 
instrumentation with Cursor and flexi - cut files. The Control group was with 
six tubes, 3 tubes containing 1,2,3 ml of water and 3 empty. The Collection 
apparatus followed modified, Fairbourn et al's and Myers and Montgomery's 
method. The observation showed 36 Canals extruded debris out of 40. They 
concluded that there was no significant difference between manual or 
mechanical techniques, and between, slight or moderate curved teeth 
respectively.
13 
 Xiangyu Huang et al in 2007 quantitatively evaluated the amount of 
debris extrusion during endodontic retreatment when comparing the ProTaper 
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Universal Tulsa system with traditional hand filing or solvent techniques. 
Forty five extracted maxillary anterior teeth with single canal were used. 
Modified step back flare technique was used with Gates Glidden drills and K 
files. Obturation was done with Gutta-percha and AH plus sealer. The teeth 
were assigned into three groups, mounted in Eppendorf tube. Group A used 
ProTaper Universal Tulsa retreatement files and re preparation with ProTaper 
Universal Tulsa treatment files to remove Gutta-percha and shape the canals. 
Group B used Hedstrom files and chloroform and repreparation with ProTaper 
Universal Tulsa treatment files. Group C used Hedstorm files with chloroform 
and Re preparation with K- Flex files. Disltilled water was used as irrigant. 
The Eppendorf tubes were removed from the ampules, dried off and weighed. 
Pre and Post weights were compared. They concluded that the ProTaper 
Universal Tulsa rotary system caused a significantly less amount of debris 
during endodontic retreatment compared with other traditional techniques.
14 
 Ajay Logani et al in 2008 compared debris extrusion of Protaper hand, 
Protaper rotary and Profile systems. Thirty extracted mandibular Premolars 
were used in this study. The debris apparatus used was the same described by 
Myers and Montgomery. A plastic bottle with the tooth inserted in the rubber 
stopper was used. Apex of the tooth was inserted into the pre weighed poly 
ethylene vial and a 27 gauge needle was inserted inside the bottle for pressure 
balance. Sterile water was used for irrigation. After instrumentation using 
crown down technique, the debris was collected in the polyethylene vials and 
was dried by incubating at 68`C  for two days .The electro balance used  was 
with 10-5 precision. Pre  and post weights were compared. They concluded 
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that all rotary instruments produced debris extrusion. The Protaper system 
significantly extruded more debris.
15 
 Alper kustarchi et al in 2008 compared the amount of debris and 
irrigant, extruded apically with four techniques. one hand and three rotary 
systems with crown down pressureless techniques. K3, Race and Flex master 
were used. sixty mandibular premolars were used in four groups. Debris 
collection was done following Myers and Montgomery's method. the study 
showed that all instruments extruded measurable amount of debris. manual 
technique extruded more debris. Race extruded the least amount of debris. The 
irrigant extrusion was more for manual technique and the least was the k3 
group.
16 
 Alper Kustarci et al in 2008 evaluated and compared the amount of 
debris  extrusion of two engine driven systems K3, Protaper and manual step 
back technique. Forty five mandibular premolar teeth were used in three 
groups. The collection apparatus was a centrifuge tube filled with 0.9% NaCl 
with a rubber stopper where tooth and needle was fixed. This unit was  placed 
in a glass bottle. Group 1 was instrumented with K3, Group 2 with Protaper 
and Group 3 with K file. The collected tubes were placed in 37'C for 21 days 
and post weighed. The observation showed that all instrument techniques 
produced debris extrusion. The engine driven system extruded significantly 
less apical debris than manual step back technique and K3 system produced 
less debris than the Protaper system.
17 
 Alireza Adl et al in 2009 compared the amount of debris extruded 
apically using Mtwo, FlexMaster and manual step back technique. 
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Mesiobuccal roots of extracted maxillary first molars were used. The method 
of collection apparatus followed the one described by Myers and 
Montgomery’s. Group 1 used K files for manual technique. Group 2 used Flex 
master instruments for crown down technique with gentle in and out motion. 
Group 3 used M2 instruments with single length technique. They concluded 
that all three techniques induced extrusion of debris apically. There was 
significant difference in all three groups. Manual technique had the highest 
amount of debris extrusion and two had lowest mean weight. Flex master and 
M2 showed similar results. The engine driven techniques showed less debris 
than step back technique due to the rotary motion which removes debris 
towards the coronal orifice.
18 
 Koppolu et al in 2010 compared the amount of debris and irrigant 
extruded apically from extracted teeth using manual technique and crown 
down pressure less technique by Protaper,  K3 and M Two instruments. Forth 
freshly extracted single rooted mandibular premolar teeth for four grous were 
used for the four rotary systems. The Myers and Montgomery's method were 
used for debris collection. 31% Sodium hypochlorite were used as irrigation 
material. After instrumentation the collected debris in vials were kept in 37`C 
for 15 days. Pre and Post weights were compared and the results showed that 
more debris were extruded by hand instruments than engine driven 
instruments. The Protaper group extruded more debris than the K3 and others 
.M two was the least debris extruded group.
19 
 Tamer et al in 2010 compared the apical debris extrusion using three 
rotary instruments Protaper Universal , M Two and BioRace. Sixty freshly 
extracted single rooted mandibular Premo;ar teeth in three groups were used 
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for the three rotary systems. 2.5% Naocl was used as irrigation solution. The 
debris were collected in poltethylene tubes. The collection tube were placed in 
lyophilizer and the debris were freeze dried. The remaining debris were 
weighed and compared with Pre weighed tubes. Results showed that BioRace 
caused less debris extrusion than PTU and M Two systems.
20 
 Sheetal B Ghavari et al in 2011 evaluate and compared the amount of 
apical debris and irrigant extruded quantitatively by using two hand and rotary 
nickel titanium instrumentation techniques. Eighty freshly extracted 
mandibular premolars were selected and mounted in a debris collection 
apparatus, dividing them into four groups.Group1 was instrumented using step 
back technique. Group 2, 3 and 4 using hand protaper, K3 and rotary protaper. 
Extruded debris was measured using the Meyers and Montgomery method. 
Distilled water was used as an irrigant. After drying, the debris was weighed 
using an electronic microbalance. The data was analyzed statistically. The 
result showed that step-back technique  and hand instrumentation extruded a 
greater quantity of debris and irrigant in comparison to other hand and rotary 
Ni–Ti systems which used crown down technique.21 
 K.Y.Yeter et al in 2013 compared the amount of apically extruded 
debris with K-files and the Revo-S system using two different needle tips for 
irrigation – open ended and side vented. Forty freshly extracted mandibular 
premolar teeth were used in four groups. Group 1a used K files in step back 
manner with rotational forces, first with a quarter clock wise rotation followed 
by a pullback motion upto size 40. The open ended needle used for irrigation 
at a level of 3mm upto the apical area. Group 1b used K files but irrigation 
performed with a double side port needle. Group 2a used Revo-S NiTI 
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instrumentation system and open ended needle. Group 2b used Revo-S system 
but with side vented needle. They concluded that both instrumentation caused 
debris extrusion apically but no significant difference was seen with K files 
and Revo-S system. Open ended needles extruded significantly more debris.
22 
 Capar et al in 2014 compared the amount of apically extruded debris 
with new endodontic rotary nickel-titanium instruments ProTaper Universal, 
Pro- Taper Next Twisted File Adaptive, and HyFlex rotary systems. Sixty 
mandibular premolars in four groups were instrumented with four rotary 
systems up to size 25. The apically extruded debris was collected and dried in 
preweighed Eppendorf tubes. The total time required to complete root canal 
shaping was also recorded. The instrumentation time with the ProTaper 
Universal rotary system was significantly longer than with all the other 
instruments. The Twisted File Adaptive and ProTaper Next systems extruded 
significantly less debris than the ProTaper Universal and HyFlex systems. It 
was concluded that ProTaper Next and Twisted File Adaptive systems cause 
less debris extrusion compared with the ProTaper.
23 
 Damla Oyzu et al in 2014 compared debris extrusion of Protaper 
Universal, Protaper Next,  Wave One and Self adjusting file systems. Fifty six 
human extracted single rooted mandibular premolars in four groups were used. 
n=14. Protaper Universal group was instrumented upto F4 size file. Shaping 
files were used with brushing motion and others with gentle in and out motion 
upto full working length. Distilled water was used as irrigant with 31 gauge 
double side vent needle. Protaper Next was used upto X4. Wave One was used 
with gentle in and out pecking motion. Self adjusting file groups were 
instrumented with #3 Gates Glidden bur with 1.5mm diameter first and later. 
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Distilled water was continuously provided by a VATEA peristaltic pump at a 
rate of 2ml/min. It was used for 4 minutes in the canal. The debris was 
collected in the Eppendorf tubes were pre and post weighed. It was the same 
experimental model of Meyes and Mongomery's. The tubes were kept in 37'C 
for 10 days in incubator. pre and post weights were compared. There was a 
largest amount of debris extrusion for Protaper Universal group. Protaper Next 
and Wave One gave less debris extrusion .The SAF file groups produce the 
least debris extrusion.
24 
 Elka N-Radeva et al in 2014, compared amount of debris and irrigant 
extruded apically with two rotary system K3 and RACE. Twenty four 
extracted teeth with single canals were used. The working length was 
determined with electronic apex locating device Raypex-5. Two groups with 
12 teeth were used. Group 1and 2 were instrumented with Race rotary system 
and K3 in a crown down fashion respectively. A control group with 5 vials of 
distilled water were formed. After instrumentation the collected vials were 
kept at 50-60'C for 24 hours in an electric oven and then placed in a desiccator. 
Pre and post weights were analyzed. They concluded that apical debris and 
irrigant extrusion was less when using Race system than K3. Race files 
required long time for shaping canals compared to K3 though there was no 
statistical significance.
25 
 Jayaprada Reddy Surakanti et al in 2014 assessed the amount of 
apically extruded debris using rotary files Hyflex-CM and Protaper with 
reciprocating file Wave One. Sixty mandibular premolar teeth in three groups 
were used. n=20. The debris collection apparatus simulates the one described 
by Myers and Montgomery's. Group1 used Protaper instruments with gentle 
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inand out motion. Group2 used Hyflex -CM upto 0.06/40 size. Group3 used 
large Reciprocating Wave One file upto 0.08/40. The Eppendorf tubes after 
instrumentation were kept in incubator at 37`C for 15 days. The Pre and Post 
weights were compared. The conclusion was that the reciprocating file Wave 
One extruded more debris. The Reciprocating Single file system extruded 
more than full sequence files.
26 
 Elka Radeva et al in 2014 compared the amount of debris and irrigant 
extruded using two instrument technique. The conventional step back 
technique with Kfile was used and the crown down technique with engine 
driven NiTi K3 files. Twenty extracted single canal teeth were used. The 
electronic apex locator was used to determine working length. Group 1 was 
instrumented using Step back hand conventional technique with 35size K file 
for apical preparation and 60 size file in coronal part. Distilled water was used 
as irrigant with a needle. Group 2 used engine driven K3 rotary system with 
crown down technique. A control group with five vials of distilled water were 
used. The experimental set up consist of two glass vials. A small vial filled 
with distilled water kept in a large vial. The tooth inserted in the rubber 
stopper and placed over the small vial. After instrumentation the vials were 
kept in electronic oven at a temperature of 0 - 60`C for 12 -24hrs and then in a 
desiccator. The amount of irrigant, debris and time for instrumentation were 
recorded. Results showed that both conventional and engine driven techniques 
extruded debris in measurable amount. More debris were produced by 
conventional step back technique. The time required for engine driven 
technique is less and also amount of apical debris was also less.
27 
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 Emel Uzunoglu in 2014 evaluated the amount of apical debris and 
irrigant extrusion using Reciproc and SAF rotary systems and influence of 
gravity on it .i.e. position of maxillary and mandibular teeth influence. Forty 
freshly extracted mandibular premolar teeth were used. The teeth were 
allocated into four identical groups based on length from CEJ to apex. The 
homogenicity of groups were accessed using Krukul - Wallis test. The 
collection apparatus consist of an Eppendorf tube with the tooth and needle 
inserted on  its rubber stopper. An electronic balance with the precision of 10-
4 was used to Pre and Post weigh the Eppendorf tubes. Group1a was 
instrumented with SAF with the vials in downward position simulating 
mandibular position. Group 1b used SAF but setup was kept inverted 
simulating maxillary tooth position. Group 2a and 2b used same as Reciproc 
.The Naocl was used as irrigant with side vented needle. The study concluded 
that gravity and the instrument system, influence the amount of debris 
extrusion. The SAF extruded less debris compared to the Reciproc.
28 
 Kocak et al in 2014 compared the amount of apically extruded debris 
using the Protaper Universal and Protaper Next in extracted human teeth. 
Forty extracted human mandibular premolars with single canals were used. 
Myers and Montgomery's experiment model was used for collection of debris. 
A microbalance with 10-4  precision was used. Distilled water was used as a 
irrigant. Group 1 teeth were instrumented  with PTU files. Group 2 used PTN. 
All the Eppendorf tubes were stored in an incubator at 70`C for 5 days. Pre 
and Post weights were compared. The PTU group had extruded greater amount 
of debris than PTN.
29 
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 Silva et al in 2014 evaluated the amount of apically extruded debris 
produced by two single file reciprocating systems. The Protaper Universal 
Retreatment system was used as a reference technique for comparison and  
Reciproc ,Wave One were analysed. Forty Five extracted mandibular 
premolars with single canal and similar root length were selected. After 
cleaning, shaping and obturation, the teeth were divided into three groups with 
15 specimens in each groups using a computer algorithm. Reciproc system 
group, Wave One system groups were instrumented. Pre and Post weighed 
assembly were compared after placing it in a dry heat oven at 140`C for 5 
hours. The study concluded that all retreatment systems caused apical debris 
extrusion. Reciprocating files produced less debris extrusion compared to 
conventional retreatment files.
30 
 Sowmya et al in 2014 compared apical extrusion with three different 
designed rotary instrumentation systems. The Protaper, K3, Light Speed LSX 
.The irrigation system Endovac was used for irrigation. Sixty extracted single 
rooted teeth were selected. and mounted on the glass membrane filtration unit. 
Preweighed millipore plastic filter disk particle size 0.45mm was placed in 
glass membrane filtration unit. New filter paper was used for each instrument. 
Group 1 used hand instruments, Gates glidden drill of no. 2,3 and K files upto 
45#. Group 2 used Protaper rotary system upto F3 files. Group 3 used K3 
system upto .04/30 size. Group 4 used Light Speed LSX. Final irrigation was 
done with Endovac system. The debris collected was then placed in an oven at 
110 `C for 4 minutes to eliminate moisture and then a micro balance was used 
to weigh.After this the teeth were sectioned at 1 and 3mm after fixing it in 
Formalin for 24 hrs. Decalcification and paraffin wax  embedding procedured 
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were carried out. The sections of each glass slides were analysed for debris 
count using trinocular research microscope. The results showed engine driven 
NiTi systems extruded less debris than hand instrumentation techniques. 
Apical third was not cleaned completely by any instrument. Average 
remaining debris score for hand instrumentation was high. Endovac system 
was safe to deliver irrigant to working length and suctioned out fluid, debris 
from apical terminus.
31 
 Turker et al in 2014 compared the amount of apical debris extrusion 
and the time required to reach full working length using single file systems 
Wave One and One shape with or without glide path. Forty eight extracted 
mandibular central incisors with single canals were used. Teeth were divided 
into four groups. Group 1was instrumented with Wave One ,#25 tip Primary 
reciprocating files was used with in and out pecking motion after creating a 
glide path. Group 2 was without glide path. Likewise for One Shape in Group 
3 and 4. For groups with glide path,  rotary instruments PFS #1,#2,#3 Taper 
0.2, Tip Size ISO 13,16 and 19 were used respectively. The collection 
apparatus was the same described by Myers and Montgomery's. The study 
concluded that apical debris extrusion was not influenced by using glide path 
before using NiTi rotational or reciprocal instrument, but there was decrease in 
working time to reach full working length .
32 
 Abozor and Awad in 2015 evaluated the weight of debris and irrigant 
extruded apically using the Revo - S and they compared it with Protaper and 
Hero Shaper systems. Sixty single rooted human teeth were used in three 
groups for three sets of different instruments. Instrumentation sequence 
followed the manufacturer's instruction and crown down technique. 6ml of 
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distilled water with 30 gauge conventional needle were used for irrigation 
performed at a delivery speed of 5sec/ml.  The overflow was suctioned with 
high volume evacuator. Collection apparatus was similar to that described by 
Myers and Montomery. The collection tubes were weighed and placed in an 
incubator at 37`C for 21 days until the debris was dried followed by weighing. 
They concluded that the Revo -S system extruded less debris comparing to 
Protaper, Hero shaper because of asymmetric cross section which induce a 
snake like behaviour phenomenon along the canal. The Protaper and Hero 
Shaper  extruded more debris due to greater taper.
33 
 Ajinkya et al in 2015 evaluated the debris extrusion of three rotary file 
systems SAF Protaper Next and Wave One. Three different designed file 
system with different kinematic motions were evaluated. Wave One was a 
single reciprocating file used in a pecking motion. Self Adjusting file was used 
with in-out motion for 4 minutes. Protaper Next was used with in-out motion 
with a torque contolled endodontic motor. Sixty extracted human mandibular 
premolars, divided into three groups were used. Bidistilled water was used as 
an irrigant. The experimental model was the one described by Myers and 
Montgomery. An analytical balance with 10-4 precision was used to pre and 
post weigh the tubes. The experiment was done and statistically analysed after 
drying the debris  by keeping the centrifuge tube in an incubator at 70`C for 5 
days. The results showed that the three file systems did extruded apical debris, 
even when the working length was 1mm short of the apex. The SAF system, 
that used a vibrating motion resulted in significantly less debris extrusion.
6 
 Ebru et al in 2015 evaluated the preparation of apically extruded debris 
and irrigant using reciprocating and rotary single file systems. The single file 
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system, One Shape and Reciproc were compared with the rotary full sequence 
Protaper. Forty five freshly extracted human mandibular Premolars were used 
in three groups for Protaper , R - Reciproc file and One Shape file. It was 
observed that by considering the preparation time, the single file systems 
scores advantage. the reciprocating file produced more debris.
34 
 Emel Uzunoglu et al in 2015 compared apical debris extrusion with a 
multiple instrumented rotary file system the Protaper with one single file 
system one shape using two different irrigation needles open ended and closed 
ended. They wanted to study the factors (the type and size of irrigation needle, 
its placement depth, amount and flow rate of irrigant, apical area relation to 
needle) affecting debris extrusion. Forty eight extracted mandibular Premolars 
were divided into four groups. The experimental model is similar to Meyers 
and Mongomery's. Distilled water was used as irrigant solution. Total volume 
8ml with needle inserted in the canal, 3mm from WL without binding and 
moving up and down motion with minimum pressure. The tubes were kept in 
70`c for 5 days after the procedure. There was no significant difference among 
groups in extruding debris regardless of needle tips and files.
35 
 Giselle Nevares in 2015 compared apical extrusion of debris with 
systems used in reciprocating and continuous motion. Sixty mandibular 
premolars were randomly divided into 3 groups (  = 20). The Reciproc (REC), 
WaveOne (WO), and HyFlex CM (HYF) groups. The Eppendorf tube  was pre 
and post weighed in an analytical balance. Irrigation was done with 9ml of 
2.5% sodium hypochlorite. After instrumentation, the tooth was  removed 
from the Eppendorf tubes and  incubated at 37∘C for 15 days to evaporate the 
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liquid. The difference between the initial and final weight was calculated to 
determine the weight of the debris. Reciproc produced significantly more 
debris than WaveOne, and both systems produced a greater apical extrusion of 
debris than HyFlex CM.
36 
 Hossein Labbaf et al in 2015 compared debris extrusion using Nickel 
Titanium hand files  in a reciprocating motion with reciprocating hand piece 
and step back manual technique with hand files. The mesiobuccal roots of 
maxillary molars and roots of mandibular premolars were used  in 2 groups. 
n=10. In Group A, NiTi hand files were used in a reciprocal hand piece for 
instrumentation and in Group B, conventional step back technique was used 
with similar files. 2ml of distilled water was used as irrigant with an insulin 
syringe. Collected vials were placed in incubator at 60`C for 72 hours. Two 
vials of distilled water were used as control groups. Pre and Post weighed 
readings were compared. The observation showed that the reciprocating hand 
piece resulted in significantly lower amount of debris in Premolars and not 
significant difference in molars .Thus reciprocating air driven hand piece with 
NiTi hand files can lead to less debris extrusion than manual step back 
technique. 
37 
 Silva et al in 2015 compared the amount of apically extruded debris 
produced by all full sequence rotary system Protaper Universal ,Protaper Next 
and Single file reciprocating system Wave One and Reciproc after large apical 
preparations. Extracted Mandibular Premolars were selected and assigned into 
four groups n=15. Debris collection apparatus was the same as Myers and 
Montgomery's. A 10 ml ampule with rubber stopper, positioned in a glass tube 
was used as collection apparatus. A 10-5 precision analytical microbalance 
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was used. The ampules after instrumentation, were kept in a dry heat oven at a 
constant temperature of 140`C for 5 hrs. The Pre and Post weights were 
compared. The study observed that Protaper Universal extruded more debris 
than other file systems. There were no significant difference between PTN, 
WO, R systems. All the systems significantly caused less debris extrusion than 
PTU system.
4 
 Sevinc Aktemur Turker et al in 2015 studied amount of extruded 
debris caused by Oneshape, Protaper Next and Twisted file. Forty four human 
single rooted mandibular premolar were used. The crown served as reservoir 
for infection of  root canals with a suspension of Enterococcus faecalis. The 
canal was completely filled with E.faecalis suspension. The vials were filled 
with  0.9% Nacl solution then the tooth was fixed on the vial and left for 
incubation at 37`C for 24 hours. The tube was divided into three groups. 
Group1 used twisted file with in and out motion. Group 2 used One Shape 
with rotational motion in clockwise rotation. Group 3 for Protaper Next with in 
and out brushing motion. Four teeth which were previously infected were used 
as the positive control and four teeth which were not infected, were 
instrumented with one of the three different instruments, was used as negative 
control. After canal preparation,0.01ml Nacl solution was taken from 
experimental and control vials to count the bacteria. It was placed on brain 
heart agar,  incubated at 37`C for 24 hours. Colonies of bacteria were counted. 
The results showed significantly higher colony forming units in Protaper Next. 
One Shape was associated with less bacteria extrusion.
38 
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 Kocack et al in 2015 evaluated the amount of apically extruded debris 
with Protaper Next and Hyflex rotary systems in curved root canals. Forty 
mandibular first Molars with curved mesial roots were used.The crown was 
removed from furcation and mesial canals were used. The collection apparatus 
simulates Myers and Montgomery's method. Group 1 used Protaper Next. 
Group 2 used Hyflex CM. Distilled water was used as irrigant. After the 
instrumentation the debris were collected in the tubes and stored in incubator 
at 68`c for 5 days. Pre and Post weights were compared. The results showed 
that there was significant difference between two groups. The Hyflex CM 
group caused less debris than Pro Taper Next group.
39 
 Singh et al in 2015 compared and evaluated the amount of apically 
extruded debris and irrigant with Protaper hand, M Two and Wave One rotary 
systems. Thirty mandibular Premolars in three groups were used for 
instrumentation for the three rotary systems. The experimental model 
simulated Myers and Montgomer's. After the instrumentation the debris were 
collected in the Eppendorf tubes and incubated at 70`C for 2 days and the pre- 
post weighed results were compared. The results showed that Wave One 
reciprocating system showed maximum debris extrusion and the Pro taper 
hand instruments showed least amount of debris extrusion. There was 
moderately less amount of debris and irrigant extrusion by Protaper hand files 
than M Two rotary system.
40 
 Sonali Taneja et al in 2015 compared the apical extrusion of E.faecalis 
using Hyflex files , GTX files and rotary Protaper files. Single rooted 
Mandibular Premolars in four groups  were used. The canals were 
contaminated with Enterococcus faecalis. Group1 used  Hyflex CM, Group2 
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used GTX, Group 3 used Protaper and Group 4 with no instrumentation and 
considered as control group. A glass vial was used as collection apparatus. The 
7ml saline was used as irrigant. A 0.1 ml saline from each vial was taken and 
incubated in BHI agar at 37`C for 24 hrs. Bacterial colonies were counted 
using colony counter. The results showed that GTX files showed least apical 
extrusion of bacteria followed by Hyflex files. Rotary Protaper group showed 
maximum bacterial extrusion.
41 
 Sonal Soi et al in 2015 compared debris extrusion of hand instruments 
and two rotary file systems, Hand  Protaper, GT rotary and Race file systems. 
Ninety freshly extracted human single rooted mandibular premolars were 
divided into three groups for all three systems. The debris and irrigant 
collection apparatus were similar to Myers and Montgomery's. After 
instrumentation the glass tubes were kept in incubator at 68'C for two days. 
The glass tubes were pre and post weighed to 10-2 mg precision electronic 
microbalance. Results showed that Hand ProTaper system extruded more 
debris followed by System GT rotary files. Race files showed less amount of 
debris extrusion.
42 
 Topcouoglu et al in 2015 studued amount of apically extruded debris 
using Reciproc, PTN, K3XF and VB instruments. Sixty Mandibular Premolars 
were used. The experimental model was same as Myers and 
Montgomery's.Eppendorf tubes were used on its cap tooth and needle were 
inserted. Reciproc group were instrumented using Reciproc R25 and R40 files 
with slow in and out pecking motion. Protaper Next group used PTN files upto 
X4 with an endodontic motor. K3XF instruments were used with a gentle in 
and out motion upto 0.06  - 0.4. taper. Vortex Blue instrumented with a crown 
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down technique. Distilled water was used for irrigation between the pecking 
sequences. The tubes were stored in a incubator at 70`C for 5 days. Pre 
andPost weights were compared. The results showed that VB PTN files 
extruded significantly less debris than K3XF and Reciproc files.
43 
. Yan Lu et al in 2015 compared the apical and coronal extrusions  using 
two reciprocating and two rotary instrumentation systems. Eighty extracted 
human single-rooted anterior teeth were randomly assigned to four groups. 
Four different root canal instrumentation systems were used according to the 
manufacturer’s instructions, including two reciprocating single-file systems, 
Reciproc and WaveOne, and two full-sequence rotary BLX and ProTaper 
instruments. Debris collected from the coronal by the instruments and apical 
extrusions were quantified respectively. After drying the collections, the mean 
weight of debris collected from apical and coronal extrusions was assessed 
using an electronic balance and analyzed. The observation showed that the 
Reciproc and WaveOne instruments produced significantly less debris than 
BLX and ProTaper instruments. The reciprocating single-file systems 
produced less apical extrusion than full-sequence rotary systems.
44 
 Emel Uzanoglu et al in 2016 quantitatively determined the amount of 
debris extrusion apically during the retreatment using the reciproc, D Race and 
Edge file XR system. Thirty six extracted mandibular Premolars with oval 
shaped canals were used. After root canal shaping and obturation, the teeth 
were stored at 37'C and 100% humidity for a week. The debris collection 
model followed the one described by Myers and Montgomery. The 36 teeth 
were assigned to 3 groups. Group R40 used R 40 file in a slow in and out 
pecking motion. Group Edge File used crown down manner. Group D Race 
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used  D Race instrument. Distilled water was used to irrigate the canal. The 
collected tubes were incubated at 70`C for 5 days. The Pre and Post weights 
were compared. They concluded that the file system, Metal alloy, no. of files, 
motion kinetics, taper, apical diameter might have an impact on debris 
extrusion during retreatment. Reciproc was associated with less debris 
extrusion.
45 
 Ertugral Karatas et al in 2016 compared the apical debris extrusion of 
two new systems Pro Taper Gold and Wave One Gold with Protaper Universal 
and Wave One rotary systems. The basic difference between them was 
instrument's flexibility. Eighty Mandibular Premolars were used. Collection 
apparatus simulates Mayer and Montgomery's.Distilled water was used as 
irrigant. The collected tubes were kept in a incubator at 37'C for 7 days. Pre 
and Post weights of tubes were compared. The results showed that PTU group 
significantly extruded the greater amount of debris. The Wave One showed 
greater amount of debris than Wave One Gold. There was no significant 
difference in PTG ,WOG groups. WOG extruded lesser debris than all groups 
tested.
46 
 Ersan cicek et all in 2016 compared debis extrusion of Hyflex CM and 
ProTaper Next after determination of the working length with or without a 
Root ZX apex locator. The experimental model was similar to the one 
described by Myers and Montgomery, Eppendorf tubes were used as collection 
apparatus. Forty eight mandibular incisor teeth with single root were used. 
Group 1 was instrumented with ProTaper Next system. During instrumentation 
the vial was covered with an aluminum leaf to shield the view of apex and 
group was named PTN-VWL(visual WL). Group 2 used Hyflex CM and 
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named HF-Vial. Group 3 and 4 used PTN and Hyflex respectively, but with 
electronic apex locator to determine working length and named PTN-EWL, 
HF-EWL respectively. Distilled water was used as an irrigant. The collection 
apparatus as kept in incubator for five days at 68'C and weighed. Pre and Post 
weights were compared. They concluded that there was no significant 
difference between PTN-EWL and HF-EWL or between PTN-VWL, HF-
VWL. PTN-EWL caused less debris extrusion compared to PTN-VWL and 
HF-VWL. The usage of apex locator caused less amount of debris extrusion.
47 
 Gkampesi, Theodora Zarra et al in 2016 evaluated the amount of 
debris extruded and the time needed to remove the filling material with 
Protaper, M Two, R Endo NiTi rotary retreatment systems and hand files. 
Sixty single rooted teeth with single root canal were used. After cleaning and 
shaping, obturation was done with guttapercha and MTA  Fillapex sealer. The 
filling in coronal  portion was removed and sealed with temporary filling 
material. The teeth were stored in the incubator at 37`C  and 100%  humidity 
for 1 month to allow sealer to set .The Myers and Montgomery's method was 
followed for collection. The sixty teeth were divided into 4 groups. Group A 
used Protaper Retreatment files. Group B used M TWO Retreatment files 
Group C used REndo Retreatment Files. Group D used H  files and Gates 
Glidden. Distilled water was used as irrigant. The debris was collected in vials 
and placed at 68`C for five days in incubator. The time needed to reach 
working length ,the time needed to remove GP and total time for retreatment 
were recorded. The results showed that Group D caused more debris than 
Protaper, M Two and REndo. The time was also more for H files group. There 
was no significant difference between the other three file systems.
48 
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 Silva et al in 2016 studied debris extrusion with single file reciprocating 
instruments with different working length and apical preparation sizes. Eighty 
extracted human mandibular incisors divided into four groups were used. 
Group R25/0 was instrumented with reciproc size 25,.08 taper upto full 
working length, Group 25/1 was instrumented 1mm short of working length 
with reciproc size 25,.08 taper. Group 40/0 with Reciproc size 40,.06 taper , 
1mm short of  the foramen. a total volume of 12 ml distilled water was used as 
irrigant with a 31 gauge stainless steel needle. Surgitips attached to a high 
speed suction pump was used for aspiration .The smear layer was removed 
with 3ml 17% EDTA for 3minutes. A pre weighed 10 ml ampule with rubber 
stopper was used for debris collection. The tooth was inserted into it and a 30 
gauge needle was inserted to balance the pressure. Dry heat was applied in a 
oven at 140`C for 5hrs  to dry the debris. Pre and Post weighed readings were 
compared. They concluded that working length and the apical preparation size 
did not have significant effect on the debris extrusion when using reciprocating 
instruments.
49 
 Subbiya et al in 2016 evaluated the amount of apically extruded debris 
after preparation of straight root canals of extracted human teeth with full 
sequence of two rotary systems. Protaper, Revo-S and a single file 
reciprocating system Wave One was used. Sixty freshly extracted human 
single rooted were collected. Coronal access was done and apical diameter was 
assessed. The debris collection apparatus used was according to Myers and 
Montgomery. Distilled water was used as irrigant. The Eppendoff tubes were 
placed in an incubator at 70`C for 5 days. Pre and Post weighed tubes were 
compared for dry debris weight. They concluded that all instrument systems 
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used caused debris extrusion apically. Revo -S system caused significantly less 
extrusion compared with Protaper and Wave One. The Protaper and Wave One 
systems had no significant difference.
50 
 Uzun et al in 2016 compared preparation time and amount of apically 
extruded debris with the reciprocating and rotary file systems. The Wave One, 
Reciproc, Safe sides were used for reciprocating files and the Typhon, 
Protaper Universal, M two files for rotary systems. Sixty extracted Mandibular 
Premolars were assigned into six groups for each file system. The Myers and 
Montgomery method was used for the experiment. Distilled water was used as 
irrigant. The Protaper was used with a gentle in and out motion. The M two 
was used upto 40/.04 size. The Typhoon was used upto 40/.06 size but used 
only five instruments in this system.The Safe Sides were used upto 40/.02 size 
with 7 instruments , Reciproc were used upto 40/.06 size and WaveOne was 
used upto 40/.08 size. Preparation time is recorded. After the instrumentation 
procedure the receptor tubes were stored in 70`C for 5 days Pre and post 
weighs in 10-5 g precision electronic microbalance. The conclusion was that 
there were no significant difference among all systems used. The single file 
systems are significantly faster than multi file systems. The instrument design 
and working principle affects the apical debris extrusion.
51 
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MATERIALS AND METHOD 
MATERIALS: (Fig 1) 
 Extracted human mandibular premolar teeth n=80 
 High speed hand piece (NSK-pana max plus)  
 Endodontic access bur (Dentsply mailliefer Bullaigues, Switzerland)  
 Vernier caliper,  
 Hand K files( Mani Japan)  
 Hyflex CM rotary files(Coltene-Whaledent, Allstetten, Switzerland)  
 K3XF rotary files (SybronEndo, West Collins, California, USA) 
 Endomate,  
 27 guage needle,  
 30 guage side vented needle,  
 2ml syringe 
 5ml syringe,  
 sodium hypochlorite 
 Distilled water 
 Micro centrifuge tubes, 
 Plastic stoppers 
 Glass bottles 
 
 
 
Materials and Methods 
  
 
33 
 
SAMPLE SELECTION: 
The study was approved by Instituitional Ethical Review Board of Ethical 
Committe.  
Only single rooted mandibular premolar teeth were used, because application 
of one kind of tooth can help increase the similarity between specimens. 
Recently extracted mandibular premolars for orthodontic or periodontic 
purpose were collected, disinfected and stored in saline.  
THE INCLUSION CRITERIA:  
Mandibular premolars which are 
Single rooted, Single canal, Single apical foramen, Mature apex, Canal 
Curvature below 20 degrees. 
THE EXCLUSION CRITERIA: 
Teeth with resorption, Cracks, Fracture, Caries, Immature apices, Calcified 
root canals, Root canal curvature more than 20 degrees 
METHODOLOGY 
Premolar teeth were selected for this study, because probability of  having 
single canal with single apical foramen was more. Pre operative radiographs 
were made to confirm the single canal and single apical foramen (Fig 2). To 
standardize the canal curvature digital radiographics images of the teeth were 
analysed (Fig 3).  
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The angle of curvature of  each canal was measured which initiate at the 
coronal aspect of the apical third of the canal (Schneider 1971).The teeth with 
curvature less than 20 degree were selected. 
STANDARDIZATION OF SAMPLES: 
The teeth length were standardized to 16 +/- 0.20mm (Fig 4) with high speed 
hand piece and diamond bur under profuse water. Access cavity was prepared 
with Endo access bur. The canal patency was checked with 10 size Kfile (Fig 
5). The teeth in which 20 size K file fits snugly at the apex was selected for the 
study. The instrument was inserted inside the canal and the tip was allowed to 
seen through the apical foramen. With the help of a stereomicroscope single 
foramen and apical diameter was confirmed (Fig 6). The working length was 
measured for each canal 1mm short of the apex. 
DEBRIS COLLECTION APPARATUS: 
The debris collection apparatus was set up according to the study done by 
Myers and Montgomery(1991) (Fig 10). A micro centrifuge tube (1.5ml) was 
used for collecting the debris extruded apically from the root. The tube was 
filled with distilled water upto its 1.5ml.(Fig 12a). The lid of the tube was kept 
uncovered, instead the tube was closed with separate stopper. The tooth was 
inserted through the plastic stopper and its apex was allowed to get immersed 
in the distilled water filled inside the tube. This micro centrifuge tube was 
stabilised by inserting it in a stopper of a glass bottle. During the procedure the 
tooth was masked with a rubber dam which protects the collection apparatus 
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from the over flow of irrigants and also masks the operator from seeing the 
apex of the root (Fig 10). 
INITIAL WEIGHING OF MICRO CENTRIFUGE TUBE : 
The empty micro centrifuge tubes were weighed in an analytical balance 
which has a precision of 0.0000 mg. Three consecutive readings were 
measured for each tube and the mean of the three readings were taken as the 
weight of the tube. After weighing, the tube was filled with distilled water (Fig 
12a). The tooth sample was mounted to the tube by inserting it in a plastic 
stopper. The unit was placed in a glass bottle through rubber stopper.  
ROOT CANAL PREPARATION : 
The sample was instrumented upto 20# Kfile and irrigated with 2.5% sodium 
hypochlorite. It was mounted in the tubes. A rubber dam was used to mask the 
tooth and the tube during instrumentation.(Fig 10) 
EXPERIMENTAL GROUPS : 
Group A was composed of 40 samples (Fig 7a). The samples were 
instrumented using  K3 rotary file systems(Fig 8a). Group B was composed of 
40 samples (Fig 7b), instrumented using Hyflex CM rotary file system(Fig 8b) 
GROUP A:  
K3 instruments were used in a crown down manner according to the 
manufacturer instructions, using a gentle in and out motion. Instruments were 
withdrawn, when resistance was felt and changed for the next instrument. 
File sequence were as follows : (Fig 9) 
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.08/25 file was taken to half of the working length 
.06/25 file was taken to half of the working length 
.06/20 file was taken upto 1/2 to 2/3 rd  of working length 
.04/20 file was taken to full  working length 
.04/25 file was taken to full working length 
.04/30 file was taken to full working length 
GROUP B : 
Hyflex rotary file system was composed of 6 files.  
The single length technique was used as recommended by the manufacturer. 
(Fig 9b) 
.08/25 was instrumented upto one third of the root canal. 
.06/25 was instrumented beyond 1/3rd upto resistance felt -orifice opener 
.04/20 was taken to full working length 
.04/25 was taken to full working length  
.06/20 file was taken to full working length 
.04/30 was used for optical enlargement upto working length. 
All the files were attached to the endomotor that was set to a continuous 
rotation schedule at a speed of 350 rpm and a torque of 2 Ncm 
Materials and Methods 
  
 
37 
 
INSTRUMENTATION :  The file was used gently forward into the canal, 
without pressure in a pecking motion until resistance occured and the canal 
patency was checked with 10 # K file. Irrigation and lubrication was given 
(Fig 11). 
IRRIGATION : 
Distilled water was used as an irrigation solution, to avoid any possible weight 
increase, due to crystallization of sodium hypochlorite. The amount of 
irrigation solution was kept constant in both the groups, to decrease the 
variability during the irrigation process. The canal was irrigated with 1ml of 
distilled water after each instrumentation. Thus totally 6ml of distilled water 
was used. Irrigation was done with a 30 guage, side vent needle, which was 
inserted as far as possible deep inside the canal, without resistance upto 2/3 rd 
of the canal length. After instrumentation with each file or after three pecking 
motion, the file was taken out and the debris adhering to the file was removed 
with a dense sponge. 
APICAL PATENCY : 
During Root Canal Treatment between each file instrumentation, the apical 
patency was checked using a 10 size K file after irrigation and was re irrigated 
with distilled water . 
COLLECTION OF APICALLY EXTRUDED DEBRIS : 
During the instrumentation and irrigation the apically extruding debris was 
collected in the micro centrifuge tube with distilled water. After the 
instrumentation procedure and the rubber dam and plastic stopper with the 
Materials and Methods 
  
 
38 
 
tooth was removed. The collected debris in the tube with the distilled water 
was closed with the lid (Fig 12b). 
FINAL WEIGHING OF THE POYETHYLENE TUBES : 
The collected debris in the tube were weighed and later kept in a desiccator 
(Fig 13a, 13b), until all the distilled water was evaporated. The dried debris 
were seen deposited inside the walls of the tubes (Fig 14). Then the tubes were 
weighed in an analytical balance (Fig 15) and three consecutive readings were 
taken and the mean of the three readings were taken as the weight of that 
particular tube. 
CALCULATION OF THE DEBRIS WEIGHED; 
The debris in each tube was calculated by subtracting the Pre weight from the 
Post weight of the tube i.e by subtracting the weight of the empty tube from 
the weight of the tube containing dried debris. 
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Preparation of Debris Collection Apparatus 
 
80 Pre weighed empty 
micro centrifuge tubes 
Filled with 1.5ml of 
distilled water 
Divided into two 
groups n=40 
Tubes closed with 
plastic stopper with 
tooth sample unit 
Tube with tooth 
sample  unit was 
placed on a glass 
bottle through a 
rubber stopper 
Collection apparatus 
ready for 
instrumentation 
EIGHTY MANDIBULAR PREMOLARS 
PRE OPERATIVE RADIOGRAPH SINGLE 
CANAL 
APICAL FORAMEN 
20' CANAL CURVATURE 
 
TOOTH LENGTH STANDARDIZED  
16±0.20 mm 
ACCESS PREPARED 
RADIOGRAPH for CANAL PATENCY 
WORKING LENGTH 
reducing 1mm from the canal length 
APICAL DIAMETER STANDARDIZED 
20# K file 
RANDOMLY  DIVIDED  INTO             
TWO GROUPS  n=40 
GROUP  A 
POSITIVE 
RAKE ANGLE  
K3 
 
GROUP  B 
NEGATIVE 
RAKE ANGLE 
HYFLEX CM 
PREPARATION OF SAMPLES 
samples mounted in plastic stoppers 
 Flow Chart - 1                        METHODOLOGY 
 
Flow Chart - 2 
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INSTRUMENTATION, EVALUATION AND COMPARISON 
Group A Samples                                                                                   Group B Samples                          
Instrumented                                                                                             Instrumented                                        
With Positive                                                                                            With Negative  
Rake Angled                                                                                             Rake Angled                                                                                                
Rotary System                                                                                          Rotary system 
K3 Rotary Files                                                                                        HYFLEX Rotary Files 
No.of Files - 6                                                                                          No.of Files - 6     
 
 
 
Apical patently checked with 10 size k file between each file 
 
Irrigation done with 30 gauge side vent needle and distilled water as irrigant.6ml  
totally 1ml between each file 
 
Tubes with collected debris separated 
 
Allowed to desiccate until dried debris is obtained 
 
Tubes with debris weighed 
(post weight) 
 
 
Evaluation of debris( post weight – pre weight) 
 
Statistical analysis 
 
 
Flow Chart - 3 
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Figure 1 :  Materials Used 
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Figure 2 :  Pre Operative Radiograph 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 :  Canal Curvature Analysis 
 
 
 
 
 
 
 
 
 
 
 
 
Canal Curvature =  10o 
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Figure 4 :  Tooth Length Standardized to 16±0.20mm  
 
 
Figure 5 :  Canal Patency Radiograph with 10# K File After Access Preparation  
 
 
Figure 6 :  Single apical foramen and Apical diameter checked   by   examining  in           
                  stereomicroscope Picture shows-20# K file snugly fit to the apical foramen  
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Figure 7 :   
          Figure 7a Group A Samples n=40              Figure 7b Group B Samples n=40  
 
 
 
 
 
 
 
 
Figure 8 :   
Fig 8a K3 Endo Rotary system                             Fig 8b Hyflex CM Rotary System
   
 
 
 
 
 
 
 
Figure 9 :   
             Fig 9a K3 File Sequence                                           Fig 9b Hyflex  File Sequence 
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RESULTS:WEIGHT MEASUREMENTS OF GROUP A- POSITVE RAKE 
ANGLED INSTRUMENT K3 ROTARY SYSTEM  TABLE : 1 
Specimen 
Serial 
# 
Empty Vial Weight 
(mg) (Mean of three 
consecutive readings) 
Vial with Debris (mg) (Mean of 
three consecutive readings) 
Debris 
Weight(mg) 
1 K1 1.035 1.0362 0.00012 
2 K2 1.0321 1.0339 0.00018 
3 K3 1.0331 1.0347 0.00016 
4 K4 1.0306 1.0313 0.0007 
5 K5 1.0335 1.0336 0.0001 
6 K6 1.0343 1.0345 0.0002 
7 K7 1.0325 1.0325 0.0000 
8 K8 1.0311 1.0312 0.0001 
9 K9 1.0228 1.0238 0.001 
10 K10 1.0323 1.0323 0.0000 
11 K11 1.0252 1.0284 0.0032 
12 K12 1.0235 1.0246 0.0011 
13 K13 1.0232 1.0233 0.0001 
14 K14 1.0333 1.0333 0.0000 
15 K15 1.0324 1.0324 0.0000 
16 K16 1.0221 1.0221 0.0000 
17 K17 1.0308 1.0308 0.0000 
18 K18 1.0244 1.0246 0.0002 
19 K19 1.0203 1.0203 0.0000 
20 K20 1.0304 1.0307 0.0003 
21 K21 1.0317 1.0317 0 
22 K22 1.0317 1.0317 0 
23 K23 1.0245 1.0245 0 
24 K24 1.0322 1.0322 0 
25 K25 1.0264 1.0265 0.0001 
26 K26 1.0283 1.0285 0.0002 
27 K27 1.0331 1.0334 0.0003 
28 K28 1.0311 1.0311 0 
29 K29 1.0304 1.0305 0.0001 
30 K30 1.0316 1.0316 0 
31 K31 1.0316 1.0316 0 
32 K32 1.0313 1.0314 0.0001 
33 K33 1.0242 1.0244 0.0002 
34 K34 1.0314 1.0315 0.0001 
35 K35 1.0263 1.0268 0.0005 
36 K36 1.0293 1.0296 0.0003 
37 K37 1.0247 1.0250 0.0003 
38 K38 1.0202 1.0207 0.0005 
39 K39 1.0213 1.0217 0.0004 
40 K40 1.0315 1.0317 0.0002 
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WEIGHT MEASUREMENTS FOR GROUP B- NEGATIVE RAKE 
ANGLED INSTRUMENT HYFLEX CM TABLE : 2 
Specimen 
Serial 
# 
Empty Vial Weight 
(mg) (Mean of three 
consecutive readings) 
Vial with Debris (mg) 
(Mean of three 
consecutive readings) 
Debris 
Weight(mg) 
1 H1 1.0317 1.0334 0.0017 
2 H2 1.0238 1.0256 0.0018 
3 H3 1.0303 1.0315 0.0012 
4 H4 1.0224 1.0253 0.0029 
5 H5 1.0256 1.0269 0.0013 
6 H6 1.0314 1.0365 0.0051 
7 H7 1.0338 1.0347 0.0009 
8 H8 1.0235 1.0248 0.0013 
9 H9 1.0301 1.0312 0.0011 
10 H10 1.0259 1.027 0.0011 
11 H11 1.0343 1.0351 0.0008 
12 H12 1.0293 1.0299 0.0006 
13 H13 1.0342 1.0348 0.0006 
14 H14 1.0288 1.0304 0.0016 
15 H15 1.0296 1.0314 0.0018 
16 H16 1.0307 1.0323 0.0016 
17 H17 1.0332 1.0354 0.0022 
18 H18 1.0296 1.0326 0.003 
19 H19 1.0314 1.0334 0.002 
20 H20 1.0292 1.0295 0.0003 
21 H21 1.0252 1.0253 0.0001 
22 H22 1.0319 1.0329 0.001 
23 H23 1.028 1.0292 0.0012 
24 H24 1.0305 1.0308 0.0003 
25 H25 1.0242 1.0262 0.002 
26 H26 1.0288 1.0318 0.003 
27 H27 1.0299 1.0318 0.0019 
28 H28 1.0303 1.0318 0.0015 
29 H29 1.0214 1.0247 0.0033 
30 H30 1.0226 1.0276 0.005 
31 H31 1.025 1.0274 0.0024 
32 H32 1.0347 1.0353 0.0006 
33 H33 1.0233 1.0264 0.0031 
34 H34 1.0317 1.0313 0.0004 
35 H35 1.0248 1.0264 0.0016 
36 H36 1.0239 1.0248 0.0009 
37 H37 1.0246 1.0278 0.0032 
38 H38 1.0226 1.0263 0.0037 
39 H39 1.0344 1.0345 0.0001 
40 H40 1.0301 1.0302 0.0001 
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STATISTICAL ANALYSIS: 
 The information collected regarding all the cases was recorded in a master 
chart. Data analysis was done with the help of computer using SPSS (version 22).  
Using this software means, standard deviations and  
 ‘p’ values were calculated. 
Paired t test was used to compare the means before and after the use of files in both groups. 
Unpaired t test was used to compare the difference in the debris weight between the two 
groups.   'p' value less than 0.05 was considered as a significant relationship 
 
INFERENCE:  
 An invitro study was conducted to compare the amount of debris extruded apically 
from the extracted teeth, using K3 and Hyflex files. A total of 80 extracted teeth (n=40) 
were examined. 
 
Table 3: Comparison of weight of the tube before and after instrumentation  
                         using K3 files 
 
 
Group 
N Mean Std. Dev p-Value 
DEBRIS (A 
GROUP) 
BEFORE 40 1.0289 0.00432 
0.001
**
 
AFTER 40 1.0293 0.00431 
 
 * 
Paired t test 
 **p Value < 0.05 is statistically significant 
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Table 4: Comparison of weight of the tube before and after instrumentation using  
             Hyflex CM  
 
 
Group 
N Mean Std. Dev p-Value 
DEBRIS (B 
GROUP) 
BEFORE 40 1.0284 0.00393 
<0.001
** 
AFTER 40 1.0301 0.00354 
  
 * 
Paired t test 
 **p Value < 0.05 is statistically significant 
 
Table 5: Comparison of the weight of the debris between the two groups 
 
 
Group 
N Mean Std. Dev p-Value 
DEBRIS 
WEIGHT 
A GROUP 40 0.0004  0.0005 
<0.001
** 
B GROUP 40 0.0017 0.0012 
 
 * 
Unpaired t test 
 **p Value < 0.05 is statistically significant 
Comparison of weight of the tube before and after using K3 files: 
 The weight of the tubes before and after using the K3 files was measured as the mean 
of three consecutive readings in milli grams. The weight of the empty tube was 1.0289 + 
0.00432 and the weight of the tube with debris was higher (1.0293+ 0.00431) (Graph 1). 
This difference in the weight of the tube was found to be statistically significant with a p 
value less than 0.001 (Table 3).   
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Comparison of weight of the tube before and after using Hyflex CM files: 
The weight of the tube with the debris (1.0301+ 0.00354) was higher when 
compared to the weight of the empty tube (1.0284 + 0.00393) (Graph 1). This difference 
between the weight of the tubes before and after using the Hyflex CM file was highly 
significant statistically with the p value less than 0.001 (Table 4). 
Comparison of the weight of the debris between the two groups: 
 The weight of the debris in both the groups was measured in milligrams. High mean 
debris was obtained in Hyflex CM group (0.0017 + 0.0012) than in the K3 group (0.0003+ 
0.0005)     (Graph 2). This difference obtained between the weights of the debris between 
the two files was statistically significant with a p value < 0.001 (Table 5). 
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Graph 1: Comparison of the weight of the tube (mg) between A and A, B and B 
Groups after instrumentation. 
 
 
 
Graph 2: Comparison of the Debris weight (mg) between A and B Groups 
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DISCUSSION 
 
The major goals of root canal preparation are: 
1. Prevention of periradicular disease and promotion of healing where disease already exists 
through removal of vital and necrotic tissues from the main root canal 
2. Creation of sufficient space for irrigation and medication 
3. Preservation of the integrity and location of the apical canal anatomy  
4. Avoidance of iatrogenic damage to the canal system and root structure 
5. Facilitation of canal filling  
6. Avoidance of further irritation and infection of the periradicular tissues  
7. Preservation of sound root dentin to allow long term function of the tooth 
6
 
 
 During the process of elimination of microbes from root canal system, there is a 
chance of extruding intracanal debris into the periradicular tissues, in spite of the strict 
control of the root canal length.
8
  
 In asymptomatic chronic periradicular lesions, a delicate balance exists between 
infected canal microbiota and the host defenses.  The apical extrusion of infected debris may 
have the potential of disrupting this balance. An acute inflammatory response may ensue to 
re-establish the equilibrium, resulting in episodes of acute exacerbations and flare ups. 
 An endodontic flare up is defined as an acute exacerbation of a periradicular pathosis 
after the initiation or continuation of  non surgical root canal treatment. The incidence may 
be from 2%  to 20 % of cases.
52
 A meta analysis of the literature showed the flare up 
frequency to be 8 - 14%. In another study 
44
 it was reported to range between 1.4% and  16%. 
 Shovelton DS, Seltzer and Naidorf, and Sequiria  have reported that bacteria are also 
extruded along with debris through the apical foramen. The number of bacteria extruded 
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apically has a direct correlation with the weight of the debris (quantitative factor); and the 
type and virulence of the bacteria is related to the severity of the periapical inflammation 
(qualitative factor). 
   Seltzer et al reported two cases, in which non contaminated dentin chips were forced 
beyond the apical foramina due to over instrumentation. In both cases apical collagen fibres 
of the periodontal ligament fibres were distended by edema. 
 In another case they reported epithelial proliferation around the dentin chips, one year 
after instrumentation. In similar cases where debris has been pushed beyond the foramen, 
dentin chips were found within the granulation tissue, surrounded by polymorphonuclear 
leucocytes. It was concluded that dentin chips pushed into the periapical tissues caused  
persistance of inflammation.
1
 
 Tornek et al reported small fragments of necrotic dentin in periapical tissues 
surrounded by granulation tissue and a pseudo capsule of collagen fibre in young primates. 
They demonstrated that fragments of sterile connective tissue placed in the subcutaneous 
tissue of white rats and coming in contact with vital connective tissue of the same specimen, 
produced inflammatory reactions. 
 Seltzer and Naidorf reported that new irritants in the form of chemically altered pulp 
tissue proteins may be introduced into the granulomatous lession and that a violent reaction 
may follow. 
 Naidorf  demonstrated the presence of immunoglobulins in the periapical areas. He 
also showed that some of the immunoglobulins are related to the antigens in the canals. 
Matherieren and Perrini, and Fongi found numerous mast cells in the human periapical 
lesions.
1,52
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 Torabinajed reported that the physical and chemical injury of the periradicular tissues 
during cleaning and shaping of the root canal system, can cause degranulation of mast cells 
in periapical tissues.
1
 
 Mast cells discharging vasoactive amines into the periapical tissues initiate an 
inflammatory response or aggravate an existing inflammatory process.
54
 
 Foraminal  debridement is also  important in cases of periapical lesion, as the apical  
portion of the root canal  is a niche of bacterial colonizaion.
49
 
 Thus besides bacterial major role in flare-ups, mechanical and chemical factors are 
also responsible for undesired consequences such as induction of inflammation and post 
operative pain. Therefore minimizing the apical extrusion of debris can minimize 
postoperative reactions.
10
 
 Caviedes-Bucheli et al. 2015, reported that inflammation has a neurogenic 
component, which is evidenced by the expression of several neuropeptides. This biological 
aspect was evaluated in vivo studies have reported the presence of neuropeptides such as 
substance P and CGRP in the periodontal ligament. When results of these in vivo studies 
were analysed, the design of the instrument was determined to be the most influential factor 
for neuropeptide expression after root canal preparation, regardless of the number of files or 
the type of movement
10
. 
 The amount of debris extruded varies with the working length, irrigation, instrument 
type, instrument design, kinematics, techniques used. 
 Chapman el al in 1968 were the first to verify the expulsion of infective material from the 
root canal system during  instrumentation.
54
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 Vande Visse and Brilliant in 1975 first quantified apical deb`ris extrusion. They attempted to 
compare extrusion of debris, with or without irrigation. They concluded that irrigation was a 
procedure that facilitated the extrusion of intra canal debris periapically and that 
instrumentation without irrigants resulted in no collectible debris.
 7
 
 Myers and Montgomery were the first to provide a standard methodology for weighing apical 
debris extrusion. They reported that instrumentation short of apex caused lower amount of 
apical debris extrusion (1991).
9
 
 Beeson in 1998 reported that instrumentation upto apical foramen caused more amount of 
debris extrusion.
6
 
 Reddy and Hicks were the first who compared apical debris extrusion between hand 
instrumentation and engine-driven techniques. 
 Quantity of debris varies with different preparation techniques because of various 
available designs of the file system and irrigation devices. The designs of a file includes tip 
design, taper, rake angle, radial land, helical angle, cross section. Each one of the design may 
influence the apical debris extrusion.  
 The aim of the study was to observe the influence of instrument's rake angle on apical 
debris extrusion. 
 Rake angle is the one which can be explained as, on perpendicular sectioning of a file, the 
angle which the leading edge forms with the radius of the file. i.e the angle formed by the 
cutting edge and a cross-section taken perpendicular to the cutting edge.
55
  
 The cutting angle is the angle formed by the cutting edge and the radius when the file is 
sectioned perpendicular to the cutting edge  
 It can either be positive, negative or neutral  
 Positive rake angle: If the angle formed by the leading edge and the surface to be cut is 
obtuse, the rake angle is said to be “positive or cutting.” E.g. K3, Quantec systems.  
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 Negative rake angle: If the angle formed by the leading edge and the surface to be cut is 
acute, the rake angle is said to be “negative or scraping.” E.g. Profile, ProTaper, M two, 
Hyflex etc.  
 Neutral or zero rake angle: When the face of the blade coincides with the radial line it is said 
to be neutral or zero rake angle (planing). E.g. LightSpeed, Greater taper (GT) file 
systems.
55,56,57
 
  Positive rake angles will cut more efficiently than neutral rake angle. Neutral or negative 
rake angles scrap the inside wall of the canal. Most conventional endodontic files utilize a 
negative or “substantially neutral” rake angle. A negative rake angle is least aggressive but 
the cutting efficiency of a file can also be affected by the blank design. Many practitioners 
believe the ideal rake angle in fact slightly positive but not overly positive. An overly 
positive rake angle will result in digging and gouging of the dentin.
56
 
  Thus positive or negative rake angled instrument have influence on cutting efficiency of the 
instrument and thereby influencing, debris extrusion apically. 
 K3 is a rotary instrument, designed by Dr.John mc spadden in 2001. It is a nickel-
titanium file system. K3 is the only third generation file to feature a slightly positive rake 
angle. This results in optimum cutting efficiency. 
56 
 Hyflex CM is a negative rake angled instrument, introduced by Riacrdo Caiecedo, 
Stephen Clark in 2011.The files machined from a wire termed CM wire. The multiple file 
system is composed of a modified NiTi alloy (nitinol). This alloy undergoes controlled 
memory CM thermomechanical surface treatment, a complex heating and cooling treatment 
that controls the material’s memory, which increases the fatigue resistance. It lacks shape 
memory. Thus enable to visual function. The shape and strength of the files with straightened 
spirals can be restored after autoclaving. It can be reused. Files which doesn't regain their 
shapes were discarded.
56 
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 These two instruments K3 and Hyflex CM differ in their design, cutting edge rake 
angle. Previous studies have evaluated the apically extruded debris using different 
instruments and instrumentation techniques, indicates that all instruments or techniques result 
in some degree of debris extrusion.  
  In the present study, it was aimed to evaluate the amount of apically extruded debris 
influenced by different rake angles. A standardized protocol was followed up to decrease the 
number of variables in root canal instrumentation. So that apically extruded debris from 
apical foramen could be attributed to the properties of the respective instrument used in that 
particular group.  
 Only single-rooted mandibular premolars were used because application of one kind 
of tooth can help increase the similarity between specimens. The teeth were carefully 
selected according to the tooth type, canal size, working length and canal curvature. The 
teeth were radiographed from mesio-distal and buccolingual aspects to ensure that they had 
single canals and single orifices. Root curvature of the teeth, with only lesser than 20 degrees 
were used. Lilia et al in 2007 reported only minor difference in amount of debris extrusion 
between slight and moderately curved canals.
13
 The tooth length was standardized to 
16±0.20mm to eliminate variables associated with the working length of each tooth that 
might manifest as differences in debris extrusion. The working length for all specimens was 
1mm shorter than the root length. Studies have shown that significantly more debris 
extrusion occurs when the instrumentation, performed at the canal length. Martin and 
Cunningham in 1982 reported that instrumentation beyond foramen caused more debris 
extrusion. Apical patency was maintained with a #20 K-file in all the cases to achieve 
standardization of apical diameters. This was done to provide a standardized diameter with 
respect to extrusion in samples. Tinaz et al showed that as the diameter of apical patency 
increased, the debris extrusion also increased, while Lambrianidis et al paradoxically 
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reported that greater amount of extrusion occurred when the apical constriction remained 
intact. Two other studies, however, found no correlation between the amount of debris 
extruded and apical diameter. Greater amount of debris extrusion occurred when 
instrumentation was carried out beyond the foramen.  Hinrichs RE et al in 1998 and Al omari 
MA in 1995 reported that there was no correlation between apical diameter and debris 
extrusion.
42 
 The size of the final instrument in the canal and their taper plays an important part in 
debris extrusion. Kocak et al in 2014 reported that lower taper may lead to removal of more 
debris in the coronal direction and results in less debris extrusion. Lynn J Albrecht et al in 
2004 reported that debris was more effectively removed when apical preparation is larger. 
When a larger taper of .10 is used, there was no difference in debris removal between bigger 
or smaller preparation sizes. In our study, the apical preparation for all the samples were 
done with 0.04/30#taper file. 
16 
 The number of files in both groups were six. Ruddle et al in 2013 reported that high 
number of files may be a factor for the greater amout of debris extrusion. Ustun et al in 2015 
also reported the same.
30
 All instruments were used with 16:1 contra angle hand piece, 
powered by a torque limited endodontic motor with a same speed of 350 rpm and 2 Ncm 
torque.
45
  The continuous rotatory motion with gentle entry, was used. If resistance felt, the 
file was removed from the canal and the next size file was used.
9 
 Irrigation plays a necessary and important phase of cleansing the canal. The irrigant 
functions as a lavage and flush, a solvent, a disinfectant, and a lubricant within the canal.
28
 
Brown et al, Rass and Piccinino reported benefits of irrigation and also more extrusion of 
irrigants apically in their studies. When instrumentation was coupled with irrigation, it tends 
to generate a significantly greater amount of debris than when irrigation is omitted. It is 
possible to remove larger amounts of debris by using larger amounts of irrigant solutions. 
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Thus although irrigation contributes to the removal of debris from the root canal and 
facilitates instrumentation, it would not avoid extrusion completely.
35,41
 The type, size of 
irrigation needle, needle placement depth, amount and flow rate of irrigant affects the amount 
of apically extruded debris. 
28
 Zehnder in 2006 recommended that root canals should be 
flushed with a small-diameter irrigation needle with a safety tip (side-port), and the tip 
should be placed in the apical third of the canal to provide proper irrigation of the root canal 
system 
 Boutsioukis et al. 2010 reported that needle-tip design having open-ended needles 
produce more apical pressure. This could indicate an increased risk of irrigant and debris 
extrusion towards the periapical tissues.
22
 In our study 30 guage side vent needle was used. 
Distilled water was used as irrigant to avoid an increase in debris weight due to 
crystallization of Naocl. Passive irrigation was done. 6ml of irrigation solution was used for 
all the samples, 1ml between each instrumentation.
22,35
 Psimma gave a standard method to 
measure apically extruded irrigant
37
, but unable to measure debris at the same time.  
 Thus all the variables as much as possible were standardized for the study. The study 
results showed that K3 rotary system, with the positive rake angle, which suppose to have  
more cutting efficiency and thus more debris production, comparatively caused lesser amount 
of debris. The Hyflex CM files caused statistically significant amount of debris. Each file 
was analysed in detail to infer the possible way for the result. 
 K3 was a Nickel-titanium file system. It was the only third generation file to feature a 
slightly positive rake angle. It has optimum cutting efficiency. The K3 is a three fluted file, 
cross section with modified triple U, asymmetrical cross-sectional design. It has a constant 
continues taper. It was available in tapers .02, .04, .06, .08, .10 and .12.  
 The K3 has three radial lands. Concerning the radial land design, two of the radial lands were 
broad and recessed, while the third one is a narrow full land. This land design, imparts 
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tremendous strength to the file, stabilizes and keeps the instrument centered in the canal and 
minimizes over engagement,  
 Radial land relief reduces friction on the canal wall. The peripheral blade relief areas are 
alleged to have 2 functions, to increase the peripheral mass in order to increase the 
instrument's resistance to fracture, to reduce the amount of area of the radial lands that comes 
in contact with the canal wall in order to reduce frictional resistance. 
 It also employs variable helical angles.  The file with a positive rake angle along with a 
variable helical flute angle enabled better dentin cutting and debris removal from the canal 
system. Dentin chips resulting from the K3 rotary instrument cutting action are easily 
dislodged from the working area and carried to the orifice via its unique helical angle.  
 It has a variable pitch. This is very significant as the .06 taper K3 does not suck down into 
the canal. 
 The safe ended tip of the K3 has a lesser tendency to push debris apically. Chance of 
transporting a root canal with a rotary file that has non-cutting tip and radial lands is 
minimal. This might have been responsible for less apical extrusion of bacteria. 
 They were used in accordance to the technique advocated by the manufacturers. 
o The apical preparation was completed using .04/30. Recapitulation was done with #10 K-file 
between each file in order to maintain apical patency. 
o Wide radial land provides blade support while adding peripheral strength to resist torsional 
and rotary stresses,  
o K3 instruments were used in a crown down manner, using a gentle in-and-out motion. 
Instruments were withdrawn when resistance was felt and changed for the next instrument. 
o  File sequences were as follows 
o In the coronal part  
o taper.08 .06/25 ½ of working length 
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o  .06/20 between ½ and 2/3 of working length 
o  .04/20, .04/25, .04/30 – full working length  
o After each applied instrument the root canal was irrigated with 1ml of distilled water. Each 
canal was irrigated with 6 ml of distilled water in total applying 30G side vent needle. 
Distilled water was used to avoid any possible weight increase due to NaOCl crystal 
formation.  
o All movements of the file used in this study were rotational. Rotation during instrumentation 
tended to pack the dentinal debris into the flutes of the files and directed them toward the 
orifice. According to studies, instrumentation with the rotary systems could reduce the 
amount of debris extrusion to the periapical area  
o Despite being a .04 taper instrument, the extrusion of debris is due to its typical instrument 
design: The application of engine-driven instruments and crown down technique for root 
canals leads to overcoming the disadvantages of the step back technique to a significant 
degree; namely an increased possibility of extrusion of the canal contents into the periapical 
area, inability to complete irrigation, solutions cannot reach the apical part, high probability 
of formation of ledges and plugs and a reduction of the working length. 
 "Walsch" reported that files with a positive rake along with a variable helical flute angle 
enabled better dentine cutting and debris removal from the canal system
26
. 
 Dentine chips resulting from the K3 rotary instrument cutting action are easily dislodged 
from the working area and carried to the orifice via its unique helical angle. 
In the present study, debris removal was carried to orifice of root canal better and less debris 
extruded in the K3 group, due to the K3 rotary instruments have positive rake angle and 
variable helical flute design. Variable short pitch also contributes to lesser extrusion of 
debris. It has non-cutting tip to minimise pushing effect of debris apically. The third radial 
land which helps in canal centring ability controls removal of dentin. Its variable core 
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diameter allows more space to carry debris out coronally. The crowndown technique also 
contributes to lesser amount of debris extrusion.
66,42,30
 
 Hyflex CM is a negative rake angled instrument. The files machined from a wire termed CM 
wire which has a negative rake angle, non cutting tip, symmetrical cross section, variable 
pitch, no radial land, double fluting. Cutting profile of these files facilitates, penetration in 
canal and presents root canal shape corresponding with original anatomy. They provide 
precise apical finishing, leaving structural integrity of root canal intact after RCT.  
 In the present study, Hyflex files showed more extrusion of debris as compared to K3. This 
may be due to the absence of radial lands   
 In detail, the Hyflex Controlled Memory (CM) file has been introduced, in an attempt to 
overcome the tendency of NiTi files to transport the root canal. It was developed in an effort 
to increase the efficiency and flexibility of NiTi rotary files via superior mechanical 
properties.      
The files were determined to have greater flexibility compared with conventional 
NiTi files. Hyflex CM files exhibit a lower percent in weight of nickel (52 Ni %wt) when 
compared with other commonly used NiTi files (54.5–57 Ni %wt) Decreasing the nickel 
content creates a softer metal and lowers its hardness. A softer metal may be less aggressive 
in cutting dentin but may stay centered within the canal during instrumentation.      
 Processing of the file also influences the metal properties. Thermal changes during the 
processing of the Hyflex CM file during manufacturing, results in a more martensitic phase 
of the metal. The martensitic phase is a more flexible form of the wire that results in greater 
elasticity and resistance to cyclic fatigue. A specific sequence of heat treatments is involved 
in their manufacturing process leading to  a significantly more flexible instrument         
 Another advantage is the ability of the metal to regain its original shape after autoclaving. 
Deformation or unwinding of a NiTi file is a common finding after the file has been 
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subjected to a curved canal. An unwound file is typically discarded to prevent future file 
separation within the canal. The Hyflex CM file claims that despite deformation or 
unwinding of the file, the Hyflex CM may return to its original shape after autoclaving. If 
submitted to excessive resistance or stresses they could be plastically deformed and 
sterilization in autoclave will result in the instrument regaining its shape. The HyFlex CM 
does not rebound to their original shape as do conventional NiTi instruments, which, 
combined with their greater flexibility, may lead a reduced risk of ledging, transportation and 
perforation. 
36,18,46,44,43
    
 The cutting ability of HyFlex CM instruments simplifies penetration of the canal and makes 
it possible to follow the shape of the original canal. As previously mentioned, the flexibility 
of the HyFlex CM is superior to that of other systems, making it easier to maintain the 
original canal curvature and offering more resistance to cyclic fatigue.  
 The Shaping ability seems to be effective; But, the subsequent cleanliness provided by the 
combination with irrigating solutions is not statistically similar to the others sequences. This 
result probably is related to the non-uniform shape given to the root canal, thus preventing 
the flushing of debris and smear layer. Studies, showed that even if associated to EDTA and 
NaOCl irrigating solutions they are not so effective in removing debris produced during 
endodontic instrumentation. A lot of the smear layer is present along dentinal walls, in apical, 
middle or coronal portions. The study tested HyFlex CM at room temperature, lower than 
body temperature. Maybe this could represent a limit, but it has to be demonstrated. A lower 
temperature could reduce physical properties of their alloy, but is not directly related to their 
shaping and cleaning capability.
 56,60
   
 It is probably related to their cross section and flutes: some instruments (.02/20, .06/20, 
.04/30 and .04/40) have triangular cross section with three blades and three flutes, others 
(.04/20 and .04/25) have quadrangular cross section with four blades and four flutes          
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The geometry of flutes could be related to low capacity of debris removal and a higher 
amount of smear layer found along dentinal walls. The cross sectional design of HyFlex CM 
instruments is very similar to that of the EndoSequence, with a smaller inner core and 
alternate flute design.
60
  
 Absence of radial land in combination with sharp cutting edges, cuts effectively. 
Negative rake angle results in scraping action and the debris tends to adhere to walls of root 
canal rather than pushing it coronally. Thus larger amount of debris extruded apically. 
 Thus a rake angle of a particular instrument combined with other design of that file, 
had influenced on apical debris extrusion. 
 Tanalp (2014) stated that a smaller amount of extruded material might have a higher 
potential for initiating a periapical response if it is characterized by a bacterial content with 
high virulence and antigenic characteristics when compared to that of a high quantity of 
extruded material, despite lacking the specific threshold value of irritation. Thus every effort 
should be made to minimise the extrusion of debris during root canal treatment, which was 
there in the operators hand to maximum extent.  
 
 
 
 
 
 
 
 
 
            Flow chart.4  showing Endodontic flare ups 
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CONCLUSION 
 Within the limitations of my study, both the instruments that have been used had 
produced significant amount of apical debris extrusion. 
 Though statistically significant differences, in the amount of apical debris extrusion 
with different rake angled instruments was observed, the difference was very 
minimum. 
 A positive rake angled file, owing to its varying helical angle and radial lands, had 
produced less debris comparatively 
 A negative rake angled instrument, owing to its  cutting efficiency, absence of radial 
land, had extruded little more debris comparatively.  
 Practitioners should be aware about the design features and the extent of debris 
extrusion they may cause with each specific instrument system, which can probably 
made the basis for  selection of particular system for cleaning and shaping of the root 
canals. 
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SUMMARY 
  
 The aim of this study was to evaluate and compare the amount of apically extruded 
debris caused by two rotary file system which differs in their design, cutting edge rake angle, 
namely K3 and Hyflex CM. Eighty mandibular premolars with single root, single canal, 
single apical foramen,with root curvature less than 20 degrees were selected. Access cavity 
was prepared. The length of the teeth were reduced uniformly to 16mm.  The working length 
were determined by subtracting 1mm from the canal length. They were divided into two 
groups( n=40) and mounted in a debris collection apparatus. The apically extruded debris 
was collected, in a collection apparatus, set according to Myers and Montgomery's method. 
The samples were instrumented with K3 and Hyflex CM rotary files which were having a 
positive and negative rake angle respectively. Distilled water was used as irrigant. The 
extruded debris were collected in a preweighed micro centrifuge tube.  After drying, the 
mean weight of dried debris was evaluated by subtracting pre weight from post instmentation 
weights of the micro centrifuge tubes. statistical analysis was done using paired t test for intra 
groups and unpaired t test for inter groups comparison. The negative rake angled instrument 
Hyflex  produced significantly more debris compared with positive rake angled instrument 
K3.  
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